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W% Sogony Mobil Oil Company, Ino^ 
a company organised under the laws of the 
State of New York, United States of America, 
of 150 East 42nd Street, New York 17* New 
York, United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed^ ta be 
particularly described In and by the following 
statement i — 

TMs 8 invaatian relates to <a method for 
coovcrtmg natural clays to crystalline 
dismfoosIHcafes zeolites. The word "crystal- 
line" is used herein to Include both wholly 
crystallise and only partially crystalline. 
More particularly, the present invention is 
directed to a method for synthesizing crystal- 
line aluffiincslllcate zeolites by treatment of 
natural day with caustfc-CQstaining solutions 
under ^ particularly controlled and specified 
conditions, The indention also .concerns a 
catalyst prepared by the method and a method 
of converting hydrocarbons employing the 
crystalline' alnminosHicate of theinvenaon. 

In another embodiment^ the Invention is 
directed to a process for cracking heavy 
petroleum factions to lighter materials boiling 
m the gasoline range in the presence of the 
aforesaid catalyst 

Of^ the presently commercially available 
cracking catalysts, a synthetic aCHca-ahimma 
gel composite is by far the most widely used. 
While such type catalyst h superior Ira many 
ways to the earlier employed clay catalysts 
and Is fairly satisfactory, it is subject tx> im- 
provement particularly In regard to Its ability 
to afford a high yield of useful product with 
a concomitant small yield of undesired pro- 
duct* 

During catalvtic conversion of high boHing 
hydxecanians to lower boiling hydrocarbons 
the reaction which takes place is essentially a 
cracking to produce lighter hydrocarbons but 
is accompanied by a number of complex side 
reactions such as aromatlzadoo, pojyrneriza- 
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rioa, alkyktion mid the like. As a. result of 
these _ compter reacriona, a carbonaceous 
deposit commonly called "coke** ia laid down 
on catalyst. The catalyst is then regenerated 
by b urnhag the coke therefrom In a stream of 
^xidisiug gas and the catalyst, so regenerate^ 
h returned to the conversion, stage of the 
cycle* 

The ability of a cracking catalyst to control 
and to direct the course of conversion is 
referred to as selectivity* Thus A an exceed- 
ingly useful and widely sougjbt characteristic 
in a cracking catalyst is high selectivity. 

Another important property desirable in a 
cracking catalyst ig steam stability, I.e. the 
ability not to become deactivated in the 
presence of steam at m excessively high rate. 

Crystalline alumlnosilroate zeolites struc- 
taraily consist basically of an open three- 
dimensional framework of S£0 4 and AlO* 
tetrahedra. Such tetrahedra are cross-linked 
by the sharing of oxygen atoms,, so that the 
ratio of oxygen atoms to the total of the 
aluminum and silicon atoms is e^ual to two. 
The negative eiectrovalence of letrahedra con- 
taining aluminum is balanced by the inclusion 
-within die crystal of cations^ such as alkali or 
«ik£ line earth metal ions. 

Many zeolites possess a crystal structure 
having channels of molecular dimensions and 
are called * e molecular sieves. 8 * The molecular 
sieve material may be of the A type, X type* 
Y type or other will known form of molecular 
sieve. Thus^ molecular sieves available* com- 
mercially Include the XSK and 10X types 
which are- sodium and sodium-calcium crystal- 
line alummosilxcates, capable of adsorbing 
molecules who critical diameter is less than 
about 10 Angstrom units. Both X and Y type 
crystalline atoaJnosilicates have esscntMy 
identical crystal structures. These zeolites 
each contain u total of 192 silicon plus 
aluminum tetrahedra per unit cell, They 
differ from each other in chemical composi- 
tion; Type X aluminosilicats has been 
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characterised as having, a unit cell formula 
widiM the rasge Mg4[{Ai0 8 ) l4 {Si0 2 ) ft iB] to and 

including M^[(A10^„($jO s ) n J - where M 

Is a cation of valence n* Type Y almnino- 

5 silicate has a higher SiO s /AiaOs *a*i*> than 
shown in the latter formula. The terms zeo- 
lites X and Y accordingly do no? refer to 
specific chemical entities of feed composition;, 
but nither refer to a range of compositions of 

10 essentially identical crystal structure. 

The" process of the present invention is 
directed particularly t® conversion of a natural 
clay to synthetic alnnxmosiUcate seolites of 
the X and Y type* It has heretofore; been pro- 

15 posed to prepare synthetic crystalline zeolites 
by Initially caldning a clay at an elevated 
temperature* such as 500 to SOO^C^ for m 
extended period of time and thereafter aging 
the calcined clay with caustic at ambient tem- 

20 pesatoes f ot Z to 3 days and finally reacting 
the aged mixture at a temperature approxi- 
mating MXPG. for an additional period of 
time, Such threes-step process^ while ^afford- 
ing conversion of the clay to synthetic sseo- 

25 lite, has proved to be time gonsumiog and un- 
attractive from a commercial standpoint. 

In accordance with the present invention 
there Is provided a new and improved method 
for converting natural days to crystalline 

3D altsminosUfcate zeolites* The method described 
herein has the very distinct advantage over 
previously suggested processes in that aging of 
the calcined clay with c&ustic at ambient tem- 
peratures over an extended period of time Is 

3$ eliminated and there is provided a much more 
rapid conversion of the clay to the desired 
crystalline seolite product as compared with, 
previously known processes. 
In one embodiment, the present invention 

40 affords a method for preparing a hydrocarbon 
conversion catalyst by dispersing In a suitable 
matrix a finely divided product resulting from 
treatment of a natural clay as Indicated here- 
inafter and drying and calcining the rastHng 

45 composite; 

In stIU another embodiment^ the present 
invention lufords a method for' preparing a 
cracking catalyst having exceptional activity 
and selectivity consisting essentially of 2 to 

50 90% by weight of a product having a weight 
mean particle diameter ol less than 40 
microns- suspended in and distributed through- 
out a hydmus osdde matrix selected from the 
group consisting of days and inorganic oxide 

55 gels, which product has been obtained by the 
process of the invention. \i 

A, particular example of the Invention is a 
catalytic composition coanprising spheroidal 
particles consisting essentially of 2 to 50 per 

60 cent by weight of a product having a -weight 
mean particle diameter of between about 2 
and about 7 microns suspended In and distri- 
buted throughout a matrix of an inorganic 



oxide gel selected torn the group consisting 
of alumhia, silica and composites of silica with 65 
an oxide of at least one metal selected from 
the group consisting of metals of Groups HA, 
IIXBj and IVA of the Periodic Table, which 
product has been obtained by the process of 
the invention. 1® 

The invention also includes a process for 
cats lytic cracking of hydrocarbon oils in the 
presence of die above catalysts in accordance 
with which enhanced conversion of the charge 
stnek to useful products is realised. 75 

It has been found fry maintaining certain 
critical composx&cn limits within the reaction 
mixture that a clay upon contact with caustic 
and silica at a temperature between about 
230°F. and about 16Q0 o F. for a period of 
between about 3 minutes and about 72 hours 
and subsequent digestion of the resulting 
fused product in water at a temperature in the 
approximate range of ISG^K to 220°P. until 
crystalline ahimlnosllicate forms^ usually for a 
period of at least about 8 and generally at 
least about 16 hours directly aifords high 
yield of. crystalline aluminosilicate zeolite of 
the X— Y type. Naturally occurring hydrous 
aluminum silicate clays may be converted by 
the present process to crystalline molecular 
sieve type aluminosilicates,. Clays undergoing 
conversion in accordance with the present 
method generally contain at least one of the 
following as the chief mineral constituent: 
kfttiiinite, faaHoysise., montmoriHonit£ a anaux- 
ite* nacrlte and dicMte. While clays of the 
foregoing type generally may be treated in the 
process of this Invention including those which 
have undergone previous acid treatement 
and/or calcination* it h a preferred embodi- 
ment co employ directly a raw uucaldned 
natural clay* thereby farther speeding up the 
conversion process with elimination of the 
initial day calcination step, essential in the 
previously known processes. 

The first step of die present process com- 
prises treating the clay in the form of ^ an 
aqueous slurry with an alkali metal hydroxide, 
preferably sodium hydroxide* having reactable 
silica added thereto* under conditions of sub- 
stantially atmospheric pressure and at a tem- 
perature above about 230°F. and preferably 
above about 4O0°F. but not exceeding about 
1600°R The duration of such treatment will 
depend largely on the temperature employed 
and may extend from about 3 minutes at a 
temperature of 1600°F* to about 72 hours at 
a temperature of about ZSQ^R Preferably, a 
reaction period of between about 3 minutes 
and about 5 hours at a temperature in the 
aproxim&te range of 400° F, to X60Q°F, is 
employed. Utilising a reaction temperature of 
1000 — 1200°F.j the period of treatment is 
approximately one half hour. Under the fore- 
going conditions, a fused aluminosilicate com- 
posite or frit> is formed 

In the second step of the process, the fused 
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material or frit is dispersed in water,* prefer- 
ably after being ground to a finely divided 
state of generally kss than 6*0 mesh* Digestion 
of the dispersed solid in the resulting aqueous 
slkaliiae solution maintained at a temperature 
within the approximate range of to 
220°F B is carried out for a period of at least 
about 8 and preferably greater than 16 hours. 
Generally, the digestion period does not exceed 
about 72 hoursj although longer periods maybe 
used without adverse effect on the resulting 
<^taIIine: & aliiniinosilicate product. 

To achieve a resulting almiunosiiicatje of 
high aysraHinlty,, it has keen found desirable 
to disperse the finely ground solid hi the water 
ha a closely controlled manner prior to the 
digestion step. Initially, the finely ground 
solid is slurried at a fairly high concentration, 
utilbdng a water to solid weight ratio of 
approximately 1 to 3 for a short interval of 
dme^ generally not exceeding about 30 
minutes. Thereafter, the slurry is diluted with 
a large volume of water bringing the molar 
ratso o of water to total ydk&li metal oKide 
within the approximate range of 35 to ISO, 
after which digestion proceeds as described 
above. The resulting highly adsorbent crystal- 
line sodium aluniinoslMcate product is 
removed from the reaction mixture^ suitably 
washed free of soluble matter and thereafter 
dried* X-day analysis of the product so 
obtained shows the same to be a crystalline 
alurmnosxHcnte of die X—- Y type. 

The slurry of aluminosiUcate resulting from 
treatment of natural clay, ®s described above, 
may suitably be formed into very finely divided 
particles by spray drying, The product so 
obtained Is in iluidaed form' being made up 
of particles having: a diameter of less than 
300 microns, Such product is particularly 
applicable for use in operations employing a 
iluEdized partide-f arm- contact material. It is,- 
in fact, one of die advantages of the present 
invention that tie treatment of natural clay 
with a c&usticK^ntairiing solution may be con- 
trolled to afford- a product of predetermined 
crymliinity and the slurry resulting from 
such controlled^ treatment thereafter be 
formed into particles of desired she by vari- 
ous tedmiquesj such as spray drying. The 
slurry of aliraiinosiiicate may be dispersed b 
the upper part of a chamber or cower through 
which a current of drying gas ig passed. The 



drying gas, which may be air, is usually sup- 
plied in heated conditions generally at a 55 
temperature between about o"00*R and 
1000°F^to accelerate the rate of drying of 
thp particles, i Dispersion may be effected by 
any well known method such as Impinging a 
stream thereof on to a rapidly rotating disc 60 
by forcing it through a nossde provided with 
multiple orulces or by spraying through a 
nozzle designed to impart a high velocity to 
the slurry and break up into fine particles of 
relatively uniform aise* Contact between the 6S 
hot gases and the product h maintained for a 
relatively shore interval of time. The slurry 
prior to spraying usually contains between 
about 4 and about 10 per cent solids, It is 
generally preferred to disperse the slurry in 70 
the form of droplets having a diameter of 
about 200—400 microns which, on drying, 
results In a product of about 100—300 
microns diameter, 

Katies of total alkali metal oxide/water- 75 
free clay, sSica/water-free day and water/ 
total alkali metal oxide, as well as the tem- 
perature and time of contact during the initial 
high temperature step and the subsequent 
digestion step should be precisely controlled. 80 
Products which vary fjrom primarily amor- 
phous (low crysta Slinky) to those which 
possess © high degree of crystallinkv are pre- 
pared by controlling the total alkali metal 
oxide/water-free clay weight ratio within the 85 
range of 0,95 to 7,4 and ©dded SlOa/water- 
free clay weight ratio within the range of 
0,01 to 3*8. Products having more than 50 
per cent crysi^lmity corresponding to high 
adsorptive properties are prepared by control- 90 
ling the total alkali metal oxIde/wat er-free 
day weight ratio within the range of 1.1 to 
6.6 and added SiO^/water-free clay weight 
ratio within tihe range of 0.01 to 3.7, Silica 
or a compound capable of fumMung dlka 95 
under the reaction conditions must be present 
In the initial high temperature, reaction mix- 
ture to afford a product possessing a high 
degree of cxystallinity. Such silica may be 
added from any suitable source such as alkali 100 
metal silicate^ sand 3 quam ? siliceous earths s 
colloidal silica, -silica gel and ethyl ortho sili- 
cate. 

The reaction conditions and concentrations 
of reactants employed in the present method 105 
may be summarized as follows: 
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EXAMPLE 1 

Dme day^ used in this preparation is a 
kaolinite having the following composition: 
44*51 wt.% AlO,, 38.51 wt% SiQ a , 07 
5 wt.% 1,47 wt% TiOa, 0.08 wt% 

CaQ, 0.12 wt|% MgO, 0,08 wt.% Nn a O, 
0.22 wt% &sG, 13.41 wt% loss at 11G0°f! 

Fifty (50) grams of the abc*ve day were 
mixed la a blendor wM 100 grams KaOH 
10 containing 77.5 wt.%. NaaO. 50 cc of water 
and 92 grams N-Brand sodium silicate con- 
taining 8.8 wt.% Na^O, 28.5 wt^-SiO* and 
62.7 wt/£ H 2 O h The resulting wet slurry was 
placed In a furnace at 6QG°F, and held for 
15 four hours permitting the temperature of the 
slurry to increase from room temperature to 

The product which formed was a hard 
crusty solid. This material was ground to a 

20 particle s&e of less than 60 mesh (Tyler), The 
ground material was then contacted with 
water using 1 gram of water per gram of solid 
far about 2 minutes white being vigorously 
agitated in a blender. To the resulting slurry 

25 was added 1890 cc of water. The mixture so 
obtained was agitated for at least about 2 
minutes and thereafter contacted for 44 hours 
at 200°F. in a static state. 
The resulting product which settled to the 

3D bottom of the digestion vessel was separated 
from supernatant liquid by decanting, and 
thereafter filtered and washed. The wet cake 
so obtained was dried in air at 230°R 
Cydohexane adsorption data for this pro- 

35 duct showed 173 weight per cent adsorption 
iHiistrathg the same high degree of adsorp- 
tion characterizing die crystalline sodium 
alumiaosOicate! of the X-type, X-ray analysis 
further showed that the product was about 

40 85% 13X type sodium aiuniinasiKcate having 
approximately u 15% shift in parameter to 
the 13Y type aluminasiUcate. 

EXAMPLE 2~5 
Hie products of these examples were made 
45 in the same manner as In Example 1 except- 
that the total caustic to clay weight ratio was 
varied, Thus, in Example 1, such ratio was 



1,71 grams Na fl O per gram of water-free clay, 
In Example 2 and 3, the total caustic to 
water-free clay weight ratio was 1,95 and 2.18 58 
grama Na a O per gram of clay, respectively. 
In Examples 4 and 5 3 the total caustic to 
water-free clay weight ratio was reduced to 
133 and 0-94 grams NaaO per gram, of day 3 
respectively. The data for these examples to- 55 
gether with cydohexane adsorption data for 
each product are hereinafter summarised in 
Tabic I, As will be seen from such data at 
the silica to day weight ratio employed (0.525 
gram silica/gram of water-free clayi appreel- 60 
able deviation of the total caustic to clay 
weight ratio from that employed in Example 
1 resulted in products having a lower adsorp- 
tion capacity for cyclobexane* 

Example 6 65 
The product of th]& example was made in 
essentially the same manner as in Example 1^ 
but the caustic and sHicate were decreased,, 
the Ha 2 0 to day weight ratio being 0.856 
and the SiO a to day weight ratio being 0.262. 70 
The details of preparation and the cycio- 
hexane adsorption data for this product are 
hereinafter shown in Table I. 

ESAMFJUS 7 

The product of this example was made In 75 
essentially the same manner as in Example 1 9 
but the silica/clay weight ratio was increased 
to 1,05 grams SiQ 2 /gram clay. The prepara- 
tion and cyclohessane adsorption data for this 
product are hereinafter shown in Table I and 80 
indicsrte that <at higher levels of caustic to clay 5 
the silicate, to clay weight ratio also has to be 
Increased to maintain a product of high crys- 
tallinity. 

Example g g§ 
The product of this example was made in 
essentially the same manner as in Example 1, 
but with a higher Na a D^day weight ratio of 
3.64 and with a higher Si O s /clay weight ratio 
of 0.855. As will be seen from the cyclo- 90 
hexane adsorption data obtained and sum- 
marised in TabJe I below, a satisfactory crys- 
talline product was produced* 
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Examples 9—19 
The products of these examples were pre- 
pared in the same manner as in Example 1 
except that die caustic to clay and silica to 
day ratios in the reaction mixture were 



varied, The details of preparation and the 
cyclo-hocarie adsorption data for each of the 
resulting products are shown below in Table 



Emmp Je No- 



Tabu n 

9 10 3 11 7 12 13 14 4 15 16 17 6 18 



Type Raw Dixie Giy — — > 

Wt,& 50---- 



130 130 130 138 130 75 -> 50- — •* 50 

Silicate (1) 

N-BmU 0 45 92 125 184 0 23 46 92 125 184 0 46 92 46 

Waier,g, 50 -■ "* 

^a%Oay 102 2.10 218 W 134 1,16 121 L25 1.33 139 1.49 0.77 0.856 0.935 0,856 

giddedSiOs/g,aay 0 0,262 0.525 0.712 1.05 0 0.13 0362 0325 0,712 1.05 0 0^62 0.524 0.262 

Total Moles Na.0 (3) „ , M 
— 5,07 3.16 2,33 198 157 293 226 L8B 1.41 123 1.00 1.95 1-28 1.00 158 

Total Mate SiO. 



Time, Hk. 4- 
Temp., *F. 600 - 



— mf 4 — — * — — "+ 4 

. 1000 — »6M 



Vdmne HjQ, ml. 125------ 



1- 



gran 

Vokme HA ml. 1890— 
Tlm^Hxs! 44 — 



(fydotam Adsorption 
Dried Htar Cake (2) 

Wt% 2,0 1,5 13.3 15,5 17.8 6.8 12.7 15,4 15.5 10,8 10 U 4.9 L5 2.4 



(1} 28.5% % 8.8% NaAW/oH s O 
2 Cake dried 20 feat 230° R 

(31 Mole nfe iadudk Na*Q is NaOH mi Mmi mi SO. tas N-Brand and m 



The above summarized examples show the 
effect of the ratio of added silica to day at 
fusion conditions fo r various caustic/clay 
lewis. Thus, the products of Examples % 10, 

5 3 ? 11 and 7 were prepared as is Example 1 
except that the added caustic to day weight 
ratio was held constant at 2.6 grama NaOH 
per gram of water-free day 3 while the amount 
of added silka was increased from Q to 0.262, 

10 0.525 3 0.712 and 1„05 gram/gram of water- 
free clay respectively. Silica was added as 
N-Brand sci&Sum silicate containing 283 
weight per cent. SiD 2 and 8.8 weight per cent 
NaaO. Gydohexane adsorption data on the 

15 finished products, show an increase from 2.0 
and 1.5 for Examples 9 and 10 to B3, 15-5 
and 17.8 for Example 3, XI and 7, respec- 
tively. These data establish that the product 
quality can be controlled from 1 5 

20 weight per cent to 17 J weight per cent cycle- 
hexane adsorption by controlling the added 
silica tD clay weight ratio between 0.26 and 
1.05 at a caustic (Na a G) to clay weight ratio 
of 2,02/1. 

25 Examples 12, 13, 14, 4, 15 and 16 demon- 
strate the effect of added N-Brand sodium 
silicate at a lower caustic to day weight ratio 
of 1.5 grains NaOH/gram of clay. The added 
silica, as sodium silicate* was increased from 

30 0 to 1*05 grams/gtam: of clay showing that at 
this caustic/clay weight ratio (1,16 grams 
Na 2 0/gram of clay) suitable product, having 
an adsorption capacity for cyclohexane of 6,8 
weight per cent,, was prepared with no added 

35 sSfcate. These data sinxmiarised in Table II 
show optimum activation at a NaOH/clsy 



wesght ratio of 15 when between 0,2 and 0*6 
gram silica (as silicate) was used per gram of 
day. 

Examples 17 3 6 and 18 show the effect of 40 
increased silica utilizing a low caustic/clay 
weight ratio of 1 gram NaOH/gram of clay. 
The fusion temperature was Increased for 
these examples to favor further reactivity of 
the components. Example 6 demonstrates that 45 
at the low^ caustic/clay weight ratic^ the 
optimum silica to clay weight ratio Is about 
0.26 gram SiO s /gram of clay. However^ at 
these. Tow levels of added caustic and silicate, 
the product quality* as measured by cyclo- 50 
hexane adsorption, was much lower, 4.9 
weight per cent, as compared with 15,4 
weight per cent when a caustic to clay weight 
ratio of 1,5 was employed. 

The product of Example 19 was prepared 55 
in the same manner as Example 6 but at a tem- 
perature of 600°F. Thla lower temperature 
was in sufficient to appreciably activate the 
clay with the tow caustic to clay weight ratio 
utilized as evident from the lower adsorption 60 
of cyclohexane realized with the resulting 
product. 

Examples 20, 21, 22, 23, 4, 24, 25, 26 a 27, 
28, 29 s 30 and 31 show the effect of fusion 
temperature on product quality. The products 65 
of these examples were prepared in the same 
manner as in Example 1 except that the fur- 
nace temperature was varied over a range 
from 230°R to 160Q°F. The details of pre- 
paration and the cycloheKane adsorption data 70 
obtained with each of the products are shown 
below in Table HI: 
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The foregoing data show that the minimum 
temperature is 230°F. when fusing for 72 
hours* The product quality determined by 
cyciohexane adsorption, as will be noted, fa 

5 essentially constant over the broad range of 
fusion tempemtore of 45D°R to 1500°R 
Higher temperatures of operation favor 
shorter contact times. At 1000°F., for 
example, a 1/2 hour contact [Example 28) 

10 gave comparable results to treatment at 
600°F. for 4 hours (Example 4) or at 40G°F, 
for 24 hours (Example 27), At 230 and 
35G°F*j & 72 hour contact time was sufficient 
to yield desirable product 

15 & addition to Dixie clay, various other 
clays were treated utilizing the procedure of 
Example 1 including bentonkej haHoysite find 
other kaolinrtes such as McNamecj, Georgia 
and Florida clays by contacting in each in* 

20 stance a 50 gram sample of the day with 100 
grams. NaOH (77J wL% Na a O} 3 92 grams of 
N~Brand sodium sOicate and SO cc of water. 
The resulting wet slurry was placed in a fur- 
nace at 6"00°F, and so maintained for 4 hours 

25 allowing the temperature of the slurry to 
increase from room temperature to 600®R 
The product obtained In each instance was 
ground to less than 60 mesh (Tyler) and the 
finery ground material was contacted for 44 

30 hours at 2QG°F e utilizing a dilution of 40.2 
grams of water per gram of day. The product 
so obtained* in each instance, was filtered^ 
washed and dried in air at 230° F. Cydo- 
hexane adsorption data were obtained for 

35 each of the products. The data summarized in 
Figure 2 show that the present method is 
broadly applicable to clays In general The 
optimum activation conditions^, as will be 
note4 was at approximately the same total 

40 caustic/clay weight ratio of L72 grams Na*0 
per gram of clay regardless of whether the 
day was b entomb (monrmonllonlte), halioy- 
she of the kaollnite type as Dlxie^ McNameej 
Georgia or Florida cky. 

45 Hie effect of total NaaO concentration in 
the digestion mixture is shown In Figure 3. 
Examples 31<— -36 from which such data were 
obtained were carried out In the same manner 
as Example 4 reacting 50 grams of clay with 

50 75 grama NaOH and 92 grams N-Brand 
sodium silicate. These samples were dig ested 
at 2GQ°F« for 21 hours at various dilutions 
from 14 moles HaOAttoIe Na a O to 263 moles 
H z 0 2 mole N&aO B These data snow that the 

§5 preferred dilution of the digestion mixture 
corresponds to about 35 to 180 moles H 5 0/ 
mole Na s O and more particularly to about 35 
to about 115 moles H^G/moIe* NaaO to yield 
crystalline material of 56 per cent or greater 

60 crvstaHfoity as measured by X-ray analysis. 
Also included hi Figure 5 are data from 
Example 37 for <a crystalline material pre- 
pared in die same manner as Example 4 
except that sand -instead of sodium sulcace 

65 was used as the source of silica. At the molar 



dMudon of 120 moles of Bf g O per mole Na 2 O s 
the product resulting from this preparation 
had a cydohexane adsorption of 12,6 showing 
that sources of silica other than sodium sili- 
cate are feasible for use in the method of this 
invent! aa. 

m The foregoing data establish limits on the 
binary ratios of reactants. Since such ratios 
are interdependent one upon the other, the 
actual composition of the initial reaction mix- 
ture employed in the present method is sum- 
marised in Figure 4, Such ternary diagram 
shows die limits In terms of the weight per 
cent of water-free day, sodium oxide and 
added silica* Such were defined by the cyclo- 
heEane adsorption properties of the products 
obtained. The permissible composition limits 
are d e fin e d by the area ABCO of Figure 4, 
Such, includes sodium aluminosilicate pro- 
ducts having crystal patterns of the X and Y 
type and having cyclohexane adsorption above 
about 11 per cent and crystal] mi ty above 
about 50 per cent The preferred region of 
comp ositions for at least about 80 per cent 
crysraiiinity having a cyclohexane adsorption 
of at least about 16 weight per cent fall within 
the area defined as EFGEL 

The following example serves to demo ti- 
trate that colloidal silica may be employed as 
the source of silica in the present process* 
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Example 3e 

Fifty (50) grams of raw McNamee clay was 
mixed with 8SJ grams NaOH containing 
77*5 wc%. Na s Q ? 45.5 grams of water and 
88.6 grams of a silica sol containing 3D weight 100 
per cent SiO g> known commercially as Ludox* 
Mixing was carried out with vigorous agita- 
tion for about 2 minutes. 

The resulting slurry was charged to a fur- 
nace at 600°F. and held at this temperature iq§ 
for 4 hours. The resulting fused product was 
crushed to a particle size of less than 60 mesh 
(Tyler) and mixed with 120 cc of water for 
2 minutes. The gre-digesfced slurry was there- 
after diluted with 1890 cc of water and no 
digested in a covered container for 21 hours 
at 200°F, 

The resulting product which settled to the 
bottom of the digestion vessel was separated 
from supernatant liquid by decanthigj and y5 
thereafter faltered and washed free of excess 
caustic and silicate with water. The wet cake 
so obtained was then dried. 

■Cydahexane adsorption data for this pro- 
duct showed 173 weight per cent adsorption 120 
illustrating the same high degree of adsorption 
ci^ractesmug the crystalline sodium ahrniino- 
siltcatc of the X-type and confirming the high 
degree of oystallinity. 

The following example serves to illustrate 125 
that the process of the invention is applicable 
to calcined day, affording results similar to 
those obtained with raw clay. 



1,039,345 



Example 39 
Forty-three and three tenths (433) grams 
of McNamee cky previously calcined at 
1450°F, for 2 hours was raxed with 75 grams 

5 NaOH containing 77 ,5 wt,% Na 2 0 3 SQ grams 
of water and 92 grams N- Brand sodium sOi- 
cate containing 8 J wt.% Na,A 28.5 wk% 
SIO s and 62.7 wt.% HsO. The reEaikmg wet 
slurry was charged to a furnace at 60Q°R for 

10 4 hours* 

The product which formed was a hard 
crusty solid. This material was ground to a 
particle size of less than 60 mesh (Tyler) and 
inked with 120 cc of water for 2 rotates. 

15 The pre-digested slurry was thereafter diluted 
with 1890 cc of additional wafer and digested 
in a covered container for 21 hours at 2Q0°F. 

Ths resulting product which settled to the 
bottom of the digestion vessel was separated 

20 from supernatant liquid by decanting and 
thereafter filtered and washed. The wet cake 
so obtained was dried hi air at 230°F, 

The product so obtained showed 14.7 
weight per cent cydohexane fidsorpdon cor- 

25 responding approx im ately to 7& per cent* 
cryrallinity. 

The base exchanged aluminosilicate product 
may be used directly as a cataylst for effecting 
conversion of hydrocarh ons» Alternatively, ihe 

30 base exchanged dumlnosOIcate may be inti- 
matsiy admixed in findy divided form wish a 
binder therefor under such conditions that the 
aluminosilicafe is chstrmuted throughout^ and 
held suspended in a matrix of the binder 

35 which may subsequently be dried and cal- 
cined. Thus, the catalyst milted In the 
present process may 3 in one embodiment, be 
prepared by Jntimatdy admixing the afeali 
metal duminosiSicate prepared^ as described 

4 G hereinabove, in finely divided form having a 
weight mean particle diameter of less than about 
40 microns and preferably less than about 15 
microns with a suitable binder such as day 
or an Inorganic oxide gel, base exchanging the 

45 resulting composite substantially free of alkali 
metal by treating with a solution ccntaimng at 
least one ion selected from the group of alka- 
line earth, metals, rare earth metals* 
ammonium and hydrogen, washing the result- 

50 ing base exchanged material free of water 
soluble matter., drying the washed composite 
and subjecting the same to a thermal acti- 
vating treatment. Alternatively, the alkali 
metal almninosili case may undergo base 

55 exchange^ as above, prior to intimate admix- 
ture thereof with the binder. In accordance 
with such manner of operationj the resulting 
mixture of finely divided f previously base 
exchanged aiumisosilickte distributed 

60 throughout and held suspended in a matrix 
of die binder h dried and t&ernially activated 
as described hereinabove. 

Intimate admixture of ths finely divided 
base exchanged alumlnoslHcate and binder, 

65 such as inorganic oxide hydrogei, may be 



accomplished^ for example, by ball milling the 
'two materials together over an extended 
period of time preferably in the presence of 
water under conditions to reduce the particle 
size of the alummoallicate to a wdght mean 70 
particle diameter of less than 40 and prefer- 
ably less than 15 microns. Such method of 
admixture, however^ is less preferred than that 
achieved by dispersing the powdered alumina- 
silicate either before or after drying, in an 75 
inorganic oxide hydxosoL Folowing this pro- 
cedure, the finely divided aluminosiHcate may 
be dispersed in an already prepared hydrosol 
or 3 as is preferable where die hydrosol is 
dtaracterized by a short time of gelation^ the 80 
finely divided aluminosiHeate- may be added 
to one or more of the re&ctants used in farm- 
ing the hydrosol or may be admixed in the 
form of a separate stream with streams of 
the hydrosol-forming reactants in a mixing 85 
nozzle or other means where the reactants are 
brought into intimate contact. It is desirable 
that die aluminosilicate introduced into the 
hydrosol have & weight mean particle diameter 
of less than about 40 microns and preferable §o 
less than IS microns, and when large particles 
are desired between 2 and 7 microns. The use 
of duxrunosiliaite having a weight mean par- 
ticle diameter In excess of 40 microns gave 
rise to a physically weak product while the use 
of aluminosilJcare having a weight mean par- 
tick diameter of less than_ l micron produced 
a product of low difrusxvity. 

The po\vder-ccntEining inorganic oxide 
hydrosol sets to a hydrate! after lapse of a 
suitable period of time and. the resulting 
hydrogd is base exchanged^ if zeolite alkafi 
metal has been introduced as a result of 
employing an alkali metal aluminosilicate^ 
with a solution containing at least one ion 
selected from die group consisting of alkaline 
earth metals, rare earth metais s ammonium 
and hydrogen. The base exchanged product 
is thereafter dried to a gel and thermally acti- 
vated at a temperature below the fusion point 
of the Incorporated durninosEHcate powder, 

Tlie Inorganic oxide gel employed as a 
matrix for the aliiminosillcate powder may be 
a gel of any hydrous inorganic oxide^ for 
example, altimmous or siliceous gels* While 
alumina gel or silica gel may be utilized as 
a suitable matrix, it is preferred that the in- 
organic oxide gel employed be a cogel of 
silkra and an oxide of fit least one metal 
selected from the group consisting of metals 
of Groups HA, Xllfi, and IVA of the Periodic 
Table. Such components include, for examples 
siHcasdumina^ silica-magnesia, siHca-zircoma, 
sitica-lltaria, siHea-berylhX sih*ca~titariia> ^ as 
well as ternary combinations such as silica- 
alumina-thoria, sfHca-diimina-^rconia, silica- 
alumina - magnesia and silica - magnesia- 
zircooia. Particular preference is accorded 
cogels of stHca-alumina, ssh'ca-zirconia and 
siUca-dumina~zirconia. In the foregoing gds 3 
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silica is generally present as the major com- 
ponent and the other oxides of metals are 
present In minor proportion. Thus, die silica 
content of such gds is generally within the 
8 approximate range of 55— 10Q weight per 
cent with the metal oxide content ranging 
from O — 4-5 weight per cent. Hie inorganic 
oxide hydrosols utilised herein and hydrogels 
obtained therefmm may foe prepared by any 

10 method well known in the art such a* fox 
example, hydrolysis of ethyl ortho $uscatc a 
addificataon of an alkali metal silicate which 
may contain a compound of a metal, the aside 
of which it is desired to dogel with silica, 

15 The relative proportions of finely divided 
aluminosiSicate and matrix may vary widely 
with the alummo silicate content ranging from 
about 2 to about 90% by weight and more 
usually, pardciikdy where the composite is 

20 prepared in the form of beads, In the range 
of about 2 to about 50% by weight of fine 
composite. Other preferred matrices include 
days and hydrous alumina prepared by any 
well known techniques. 

25 The ahirmnosilicate combined with an in- 
organic oxide gel may suitably be prepared 
by initially^ fomung a hydrasol-com^foing 
added aluminosOicate powder s permitting the 
same to set In mm to a hydrogel which is 

SO thereafter dded and broken into pieces oi 
desired size- The pieces of gel so obtained 
are generally of irregular shape Uniformly 
shaped pieces of gel may be obtained by 
extrusion or pelleting of the alnminosiHcate 

35 containing hydroget Also, the hydrosol may 
be introduced into the perforations of a per- 
forated plate and retained therein until the 
sol has set to a hydrogei, after wMch the 
formed hydrogel pieces are removed from the 

40 plate. The method of the invention Is par- 
ticularly useful for the production of catalyst 
in the form of spheroidal particles. The 
hydros etf -containing powder aluminostlkate 
may be made into spheroidal particles in 

45 manners known per se. 

While for the production of spheroidal cata- 
lyst particles^ Initial formation of a hydrosol 
which sets upon lapse csf a short interval of 
time to an all-embracing bead-form hydrogei 

50 is essentials it is within the purview of dale 
invention to also employ paj^euiariy where 
the catalyst Is prepared ui a form other than 
the spheroidal shape, a matrix comprising a 
gelatinous hydrous oxide precipitate with 

55 varying degrees of hydration or a mixture 
of a hydrogei and such gelatinous precipitate. 
The term gel as utOized herein is intended to 
include hy&ogd^ gelatinous precipitates and 
mixtures of the two* Also, the matrix may 

60 consist of or contain as a component thereof 
a clay and particularly a clay of the mont- 
morOIonite or kaoljnite fanuliesj either raw or 
acid treated. Other suitable materials for use 
as the matrix of the present catalyst com- 

65 position include charcoal^ graphite, bauzitc, 



metallic powder s and other binders compatible 
with die ^uminosiiicate and thermally stable 
under the temperature conditions at which the 
catalyst used. 

Th& alkali metal alummosiKeate prepared 
by the specified treatment of natural clay may 
undergo base exchange either before or after 
intimate admlx&ire thereof with the binder 
therefor. Base exchange is effected by treat- 
ment with a solution containing alkaline earth 
metal ions, rare earth metal ions y ammonium 
ions, hydrogen Ions or mixtures of one with 
the other. It is <xmtaipktsd that any com- 
pound capable of bnheadoa to yield one or 
more of the aforementioned ions may be 
employed for base exchange. Generally^ an 
aqueous solution of san alkaline earth metal 
salt, a rare earth metal salt, an add or an 
ammonium salt will be employed. Thus 3 the 
alkaline earth metal salt may be a chloride, J 
nitrate,, Annate or acetate of calcium or 
magnesium. The rate earth metal salt em- 
ployed may be a chloride., sulfate, nitrate 
formate or acetate of cerium^ lanthanum, 
praseodymium^ neodymium, samarium and 1 
other rare earths as well as solutions contain- 
ing mixtures of these ions and mixtures of 
the same with other Ions such as ammonium* 
Weak add solutions or treatment of the 
ill umino silicate with an acidic gas serves to 4 
effect exdhange of the alkali metal with 
hydrogen ions. Base exchange of the alunxiiio- 
silicate may also be readily effected with solu- 
tions containing ammonium ions to yield 
ammonium alimikiosllicsstss which, upon heat- 1 
ingj result in the hydrogen form of the 
altsmanosillcatc, Another effective method of 
exchange is to replace snore than about 70 
per cent of the alkali metal Ion by contact 
with a solution of an alkaline earth metal 1 
ion3 a rare earth metal ions or rare earth metal 
and arrmioniuin ions 3 followed by completing 
the alkali metal exchange to less than about 
3 per cent, preferably less than about 2 per 
cent, residual exchangeable alkali metal con- 3 
tent with lammomum ion exchange. 

The exchangeable alkali metal content of 
the finished cataJyst should preferably be less 
than about 3 and preferably less than about 2 
per cent by weights The base exchange Staid 1 
may be contacted with the alummosiHcate Is 
the form of a fine powder* a compressed 
pellet^ extruded pellet," spheroidal bead or 
other suitable particle shapes It has beeen 
found that the desired base 1 exchange may be ] 
effected most readily if the alkali metal 
alumlnoslHoate undergoing treatment has not 
previously been rejected to a temperature 
above about 600°F* 

While water will ordinarily be the solvent ] 
hi the base exchange solutions employed* it Is 
contemplated that other solvents, although 
generally less preferred, may be used. Thus, 
in addidon to aqueous solution, alcoholic 
solutions of suitable compounds as noted ] 
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above may be 'employed in producing the 
catalyst utilized in the present process. It will 
be understood drat compounds employed for 
the base exchange solution undergo icnlEattoa 

5 En the particular solvent used. 

The concentration off compound employed 
in the base exchange solution may vary 
depending on the aature of the particular 
compound usedL on the alkali metal alumlno- 

10 silicate undergoing treatment and on ine. con- 
ditions under which treatment Is effected, 
CknemUy, the coacentradon of compound, the 
cation of which replaces alkali metal from 
the alkali metal dummosxlicate, k within the 

IS range of 0,2 to 30% by weight* aidioughj aa 
noted hereinabove, other solution concentra- 
tions may be employed providing the ex- 
changeable alkali metal content Ss preferably 
reduced to less than about 3 a preferably less 

20 tfcan 2% by weight, and stOi more desirably 
to below 1% by weight 

The temperature at which base exchange h 
effected may vary widely, generally ranging 
from room temperature to an elevated tem- 

25 perature below the boiling pomt of the treat- 
ing solution. WhOe the volume of base 
e^hange solution employed may vary widely, 
generally an excess is employed and such 
excess Es removed from contact with the 

SO aJumtosiHcafce ater a suitable period of con- 
tact The time of contact between the base 
e^dian|je solution and alumlnosilicate may 
vary widely depending on the temperature of 
the sokition^ the nature of the alkali metal 

35 slttmiraodlieate used and the particular com- 
pound employed for base exchange. Thus* the 
time of contact may extend from a brief 
period of the order of a few minutes for small 
particles m longer periods of the order of days 

40 mr large pellets. 

After base exchange treatment, the product 
IE removed from the treating solution. Anions 
introduced as a result of treating with the base 
exchange solution may, if desired or neces- 

45 sarfj fee removed by water washing the dried 
composite for such period of time until the 
same Is free of said anions* The washed pro- 
duct Is then driedj generally in air to remove 
substantially all of the water therefrom. While 

SO drying may be affected at ambient tempera-, 
ture^ it Is more satisfactory to facilitate the 
removal of moisture by maintaining the pro- 
duct at a temperature between about 150 and 
about 6O0°F. for 4 to 48 hours. 

55 "The dried material is then subjected to 
calcination by heating in an inert atmosphere, 
L<l one which does not adversely effect the 
catalyst such as air, steam, nitroge% hydrogen* 
fine gas,, faeHum or other inert' gas. Generally, 
the dried material la heated & air to a tem- 
perature in the approximate range of 5C0°F t 
to 150O°F. far a period of at least about one 
hour and usually between about 1 and 48 
hours. The catalyst Is alsd Improved by txeat- 

65 ing with steam either in place of or subse- 



quent to the calcination step. Such steam 
treatment is feasibly carried out "at tempera- 
tares 1>etweea about 800 and X5G0*F. at 
steam eor^eutxatioxas greater than about 5% 
for a time sufficient to reduce the catalyst 70 
surface area by at tot 20% but not more 
than about 75%. 

Cracking, utilizing the catalyst described 
herein, may be carried out at catalytic crack- 
ing conditions employing a temperature 75 
with hi the approximate range of 500 to 
1200°K and under a pressure ranging from 
subatmospheric pressure up to several hundred 
atmospheres. The contact time of the hydro- 
, carbon charge within the catalyst is adjusted SO 
in any case according to the conditions^ the 
particular oil feed and the particular results 
desired to give a substantial amount of crack- 
ing to lower boiling products. Cnxekksg may 
be effected En the presence of the instant $5 
catalyst utilising well-known techniques in- 
eluding, for ex&mple, those wherein the cata- 
lyst is employed as a Euldted mass or as a 
compact particle-form moving bed 

The cracking activity of the catalyst is a 90 
measure of its capacity to catalyse conversion 
of hydrocarbons and h expressed herein as 
the percentage conversion of a Aiid-Continent 
Gas OH having a boiling range of 450 to 
950°R to gasoline having an end boiling 95 
point of 410°F. by passing vapors of said gas 
oil tJirough the catalyst at #75°F, to 9G0°F,> 
substantially atmospheric pressure and a feed 
rate of 1.5 to 8 volumes of liquid oil per 
volume of catalyst per hour for 10 minute 100 
runs between regenerations. 

It has been found desirable in analyzing 
the results obtained with the catalyst des- 
cribed herein to compare the same with those 
realized with a, conventional commercial 105 

appi-oximateiy 10% by weight alumina. Hie 
exceptional activity and selectivity of the 
present catalyst are emphasised by compari- 
son of the various product yields obtained 21Q 
with such catalyst with yields of the same 
products given by the conventional silica- 
alumina catalyst at the same conversion feveL 
The differences (A values) shown hereinafter 
represent the yields given by the present cats- 115 
lyst minus die yields given by the conven- 
tional catalyst 

The following examples will serve to illus- 
trate the catalyst and method of the present 
invention without limiting the same; 120 
Example 40 

XMsie clay used in this preparation Is a 
Sosoflnfte having the following composition: 
44,51 wt,% AGO a} 38J1 wt. % $iO~, 1.27 
wt.% Fe s O« L47 wu% TiO^ O.08 wt.% 125 
CaOy 0,12 wt% Mg0 5 t}M wt.% Na 2 0 and 
0.22 wt.% K 2 G. 

One thousand (1000) grams of the above 
clay were mixed tsi a blendor with 2600 grams 
NaOH pellets contauiing 77.5 wt% Ka.O, 130 
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IGGG grams ^ of water and 1840 grams 
N-Brand sodium silicate containing 8.8 wt.% 
NaA 28 J wiu% SiQ, and 62.7 wt.% H a O, 
The reaiMng wet slurry was placed in a 

5 furnace at 6Q0°R and held for 4 hours per- 
mitting the t)snipemturc of the slurry to in- 
crease from room temperature to 600° F. 

Use product which formed * was a hard 
crusty solid. This material was ball-miiled to 

10 a particle sise of less than about 60 mesh 
(Tyler) { The ground material was then, con- 
tacted with 6500 cc of water and ball milled 
for an additional 4 hours. The resulting slurry 
wag divided info three equal parts and diluted 

15 with an additional 7707 cc of water each. 

This slurry was digested in a water bath 
at 200 °R for 20 to 24 hours. After digestion 5 
the supernatant liquid was -separated from the 
resulting activated day by ffirxstion and the 

20 filter cake combined from the three diluted 
portions was washed tree of water-soluble 
matter. 

The activated day, as wet cake contained 422 
wdghtperc^ntsoHdsCasdetermbied by drying 

25 a sample at 230°F). Cyclohexane adsorption 
capacity of the dried sample amounted to 5 J 
weight per cent- By X-my analysis, the cky 
was shown to be mainly amorphous possessing" 
only a small amount of cxystaUIne character, 

30 The activated day, so obtairaedj was incor- 
porated into a «iHca-ahirnina hydrogel matrix 
in bead form as follows: 

A, Silicate Solution 1 

h 15 ,75 lbs* N-Brand sodium silicate 
35 735 lbs. Water 

2. Clay Slurry 

4,05 lbs, activated cky slurry 
5.62 lbs. water 
The above two solutions were mixed together 
40 forming the sliirry-siBcate solution having a 
specific gravity at 76° F. of LI 95. 

B, Acid Solution 
57.10 lbs. Water 

4,23 lbs. Al^SOJ^lSEtO 

45 1.98 lbs. KaS0 4 (97,6%) 

Specific Gravity at 80°K of 1.051 
Solutions A and B were mixed together in 
a mixing norfe at a rate of 390cc/rnki. for 
Solution A and 3 §6 cc/rain. for Solution B 

50 to yield a hydrosol having: a pH of 8.1 to 8.6 
The resuitiag hydros ol was introduced in the 
form of globules into a body of water- 
Immiscible liquid in which they set to beads of 
hydrogel in 2,8 seconds at a temperature of 

55 64°F. The composition of the resulting hydro- 
gel beads, on a calcined salt-free basis, was 
253 weight per cent activated day, 4.6 weight 
per cent alumina and remainder silica. 
The bead hydrogel, so obtained, was base 

60 exchanged with a 2 per cent by weight aque- 
ous solution of a mixture- of rare earth metal 
chloride^ continuously for 24 hours using the 
equivalent of 12 (2 hour) changes with 1/2 
volume of solution per volume of beads. The 

65 approximate composition of the rare earth 



metal chloride mixture utilized for base 
exchange was : 

Weight Per Cent 



LaCl a ,6li a 0 — 23 

CeQ a .6H a O — 43*5 ?0 

PrC^SHsO — 5.4 

HdOa.oHzO — 17.9 
SmC£*6H*0 — 1.9 
Gda^6HsO — 0.6 
Other rare earth chloride 
hexahydrate 0*2 



Plus small amounts of salts of Th, Co* 
Mg. Na and Al, as well as some silica. 

The base exchanged bead hydrogel was 
men water washed free of soluble chloridesj 80 
dried in air at 270°R for 24 hours, tempered 
10 hours at 1000°F. in air and finally stabilized 
hi two ways, by treatment with steam for 
20 hours at 12Z5°F. at atmospheric pressure 
and by treating with steam for 30 hours at #5 
120 0°F. and a pressure of 15 psig* 

The rmlshed catalyst had a sodium content 
of 0.66 weight per cent, a rare earth metal 
oxide content of 16 weight per cent and had 
a surface area after the 20 hours steam treat 
at 1225°F. with steam at atmospheric pres- 
sure of 203 square meters per gram. 

Example 41 

Hie catalyst of this example was prepared 
k a manner identical with that of Example 40 95 
except that instead of "base exchanging the 
bead hydrogel obtained with a 2 weight per 
cent solution of rare earth metal chlorides, 
base exchange was carried out with a com- 
bined solution containing 1 weight ner cent 100 
rare earth metal chloride and 1 weight per 
cent ammormim chloride. The base exchanged 
material was thereafter washed, dried., tem- 
pered and steam treated as in Example 40* 

The finished catalyst of this example had a 105 
sodium content of 0.56 weight per cent a rare 
earth, metal oxide content of 8.2 weight per 
cent and possessed a surface area after the 3D 
hour steam treat at 1200°F < with steam at 
15 psig of 104 square meters per gram. 110 

Catalytic evaluation of the catalysts of 
Examples 40 and 41 is hereinafter sum- 
marizgd in Table IV. Referring more par- 
ticularly to such table, it will be seen that 
these catalysts containing the caustic-silicate 115 
activated clay* even though nmirdy in an 
amorphous condition, are more active than 
catalysts of Example A which was a standard 
sillca^luinina cracking catalyst or Example B 
which was a catalyst similar to tint of 120 
Example A but base exchanged with the rare 
earth metal chloride mixture, The activity 
advantage was about '-h5 volume per cent 
conversion at 4 liquid hourly space velocity 
for the catalyst of Example 40 and about 4- 8 125 
volume per cent conversion for the catalyst of 
Example 41. Both of these catalysts were 
more selective, affording a 1+4$ and a +2.6 
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votes e per cent Q, + gasoline advantage over 
the standard silica-alumina catalyst. More 
severe steam treat of 30 hours at 1200°K 
and 15 pslg decreased the selectivity advan- 
5 tage with the catalyst of Example 40 and 
increased the selectivity advantage with the 
catalyst of Example 41 to + 35 C 5 -f gaso- 
line advantage over standard sOIca-slamma 
catalyst. 

10 Example 42 

Hie catalyst of this example was prepared 
in the same manner as that of Example 40 
except that tfop Dixie clay was activated to a 
greater degree* yielding activated clay which 

115 had a cydofcexane adsorption of 10 weight per 
cent corresponding to a aystalllnlty of about 
42 per cent. 

The Dixie day was activated as follows: 
For each of eight batches of 125 grama of 

20 Dixie clay, 187,5 grams NaOH containing 
77*5% Na&O, 125 grams of water and 230 
grams N-nBrand sodium sOIcate containing 
28.5 wt.% SiOfy .8.8 wt.% Na^O and 62,7 
wL% HjsO were mixed with vigorous egita- 

25 lion* Batches of the slurry were placed in a 
furnace at 6D0°F« and held for 4 hours per- 
mitting the temperature of the slurry to 
increase from room temperature to 60Q°F* 
The fused material so obtained was blended 

30 with 1500 cc of water for approximately 2 
minutes and then diluted to 8000 cc with 
water and digested for 60 hours at 200°R 
The activated day slurry was filtered and 
water washed free of soluble mattsn The total 

35 yield of wet cake from the eight batches was 
5,14 pounds having a solids content of 60*25 
per cent (&s detenrunsd by drying a sample 
at a temperature of 23G e R) 

The activated clay ? prepared as, above* was 

40 used in the preparation of the piesent catalyst 
In a manner identical with that of Example 
40 by introdudng in a slHca^alnmina bead 
hydrogei matrix, base exchanging with rare 
earth chloride solution; washing, dryings 

45 calcining and treating with 100 per cent steam 
at 15 psig and I200°F. for 30 hours. 

The finished catalyst of tins example had a 
sodmm content of 0J2 weight per cent, a 
rare earth metal oxide content of 14.7 weight 

50 per cents an alumina content of 1Z7 weight 
per cent and a . surface area of 161 square 



meters per gram after the pressure steam treat 
at 1200°F, 

Example 43 
Utilizing the Dixie clay activated as in 55 
Example 42, the catalyst of this example was 
prepared In the same manner as that of 
Example 41 by introducing the activated clay 
Into a sSica-alximiaa bead hydrogei matrix., 
base exchanging with combined rare earth 60 
mmi chloride and ammonium chloride solu- 
tion., washing, drying, calcining and treating 
with 100 per cent steam at 15 ps!g and 
1200*R for 30 hours- 

The finished catalyst of this example had a 65 
sodium content of 0.13 weight per cent, a 
rare earth metal oxide content of 1L5 weight 
per cent and a surface area of 147 square 
meters per gram after the pressure steam 
treat, 70 

Catalytic evaluation of the catalysts of Ex- 
amples 42 and 43 using a clay activated to a 
higher degree with a cyclohexane adsorption 
of 10 weight per oeni, exhibited more active 
and selective cracking than the catalysts of 75 
Examples 40 and 41 as will be seen from the 
data summarized hereinafter in Table IV. 
Thus, the catalyst of Example 43 j^ave 59,2 
volume per dent conversion at 4 liquid hourly 
space vslodry compared to 38 volume per 80 
cent conversion using the catalyst of Example 
41. The catalyst of Example 43, it will further 
be noted^ was also very selective affording 
4-6.3 volume per cent G^4- gasoline, —1.9 
weight per cent dry gas and - 13 weight per 85 
cent coke in comparison with the standard 
silica-alumina catalyst. The catalyst of Ex- 
ample 42 affording a 49 volume per cent 
conversion at 4 liquid hourly space velocity 
was substantially more active than the catalyst 90 
of Example 40* The selectivity of the catalyst 
of Example 42 was also good showing -3- 3*8 
volume per cent C, + gasoline yield, — 0.6 
weight per cent dry gas and — 0.4 weight per 
cent coke advantage over the standard sjlica- 95 
alumina catalyst. Comparing the catalyst of 
Example 43 with that of Example 42, the 
particular advantage of the combined rare 
earth metal chloride and ammonium^ chloride 
base exchange is evident in both activity and 100 
selectivity- 
Table XV summarizing the foregoing is set 
forth below: 



41 



42 



43 



Matrix 



Cddc, wt % 



SiO, - AljO, SiOj - AI a 0, + Die Clay Caustic Mwted ► 

AUSOJj.ISHjO REa,.6H t 0 REa,.6H,0 RECj + N^Cl ■' RBQ S ,6H £ 0 Kldj-f NEfl 
1,5 2 11 2 11 



Na, WL % 
(SM, it % 
AlA.wt.% 
Steamtrcat (1) 



0,19 
9.3? 



0.61 
6.19 



0.66 
16,0 



0.56 
8,2 



0.52 

14.7 

12.7 



206 



LHSV(3)' 4 2 

10RW(4)Gaso. s vol.% 32.7 36.9 

Excess C 4 's vd % 7.4 14.8 

C B 4- Gassline, vol. % 31.1 35.9 

ToaICAwl.% 9.1' 15.8 

Diygas,wt% 4.3 7.0 

Coke, wt. % l.D 2.3 

& Values to standard sfficB-ai™ catalyst (2) 

10 RVP, vol. % 
Excess Ci's vol % 
C s + Gasoike, vol. % 
Total C/Sj toL % 
Dry Gas, wt. % 
GMt s / 0 



+0.7 -0.9 



(1) SR-20km lit 1225 s F. wit!) 100% Anno*, steam SP-15 psig steam teat at 1200° F. for 3C I tan 
2 Commercial sffica-alnrnka gel ccaddng analyst contaaiiig about 10 wt % A1A and censinder SiO t , 



'F. 



0.13 
11.5 





SR 


SR 


SP 


SR 


SP 


S? 


SP 














0J 


0.66 


225 




20 


1 




104 


161 


147 


34.2 


43.9 


43.2 


33.3 


46.3 


38.0 47.6 


49.0 
4 


59.2 


4 


2 


4 


4 


4 


4 2 


• 4 


36.1 


43.3 


31.5 


40,0 


36,2 41.0 


43,0 


51.0 




7.1 


3.6 


3,6 


7.4 


4.7 7.8 


7.3 


10.1 


27.0 


34.1. 


38.2 


29,4 


37,7 


33,9 38.7 


40.7 


48.5 


9.1 


6.7 


5.8 


9,6 


7.0 10.1 


9.5 


12.7 




5.7 


3.9 


3.2 


4.7 


3.5 5.0 


5.4 


5.6 




2.3 


2.0 


1.3 


2.6 


0.5 2.2 


2,2 


2.9 




0.19 


0.19 


0,17 


0.22 


0.11 0.18 


0.38 


0.11 



+1.5 


+2.5 


+3.5 


+2.7 


+4.0 


+6,5 


-2.6 


-2.2 


-2,6 


-2.0 


-3.2 


-3.4 


+1.4 


+2.6 


+3,5 


+2.7 


+3.8 


+6.3 


-2.7 


-2,2 


-2.6 


-2.2 


-3.1 


-3.0 


-0.4 


-0,7 


-0.7 


-0.6 


-0.6 


-1.9 


-0.1 


+0.2 


-1,1 


-0.5 


-0.4 


-1.5 
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The following Examples 44 and 45 demon- 
strate the particular high catalytic activity 
and selectivity possible^ with the undiluted 
cl&y acdvEit&d to a varying degree of crysEsi- 
5 limty and thereafter base exchanged with rare 
earm metafe and anraionium chloride solu- 
tions forming rare earth add alumkiosillcates, 

Example 44 
Dixie clay was activated as described in 

10 Eamplc 40 to yield a product having a cyelo- 
hexaimne adsorption capacity of S3 wt.%, 
The day was shown by X-ray analysis to be 
mainly amorphous, 

The activated clay was base exchanged con- 

15 tinuously for 48 hours at 18G°F, with an 
aqueous solution containing 5% by wt» of the 
rare earth metal chloride mixture described 
in Example 40 and 2% by wt> of ammonium 
chloride. Such continuous base exchange is 

20 equivalent to 24 (2 hour) changes with 1/2 
volume of solution per volume of slurry. The 
base exchanged clay was thereafter water 
washed free of chloride ion, air dried at 
270 D F. for 24 hours^, tempered 10 hours at 

25 1GG0°R in air and then stabilized by steam 
testing at 1225*F. for 2D hours and 
atmospheric pressure, followed by a 30 hour 
mam treat at 12GQ a, F. at a pressure of 15 

30 The finished catalyst had a sodium content 
of 030 wt.%, and a rare cards, metal oxide 
concent of 27*2 wt-°Z. 

Catalytic evaluation data hereinafter set 
forth m Tabic V show that maried. advan- 

35 tages over standard silica-alumina cracking 
catalysts are realized by activating the clay by 
caustic-silicate fusion and subsequently base 
eschanging with a rare earth memi- 
ammonium chloride solution. Thus, the cata- 

40 lyst of Example 44 afforded a 40 volume per 
cent conversion as a liquid hourly space 
velocity of 10 and a conversion of 47 
volume per cent at a liquid hourly space 



velocity of 4. In addition, this catalyst showed 
selectivity advantages of 4-4.1 and 4-3.2 45 
volume per cent -f- gasoline over standard 
sHica-ah?mfnR cracking cat&lvst at the same 
conversions. The standard sihca-alumina cata- 
lyst (Example A) at a liquid hourly space 
velocity of 4 provided only 37*9 volume per 50 
cent conversion of the charge stock. 

Example 45 

The catalyst of this example was prepared 
in the same manner as that of Example 44 
except that tiie Dixie clay was activated as 55 
described in Example 42 to a greater degree 
having a cydohexane adsorption of 10 wt»% 
and a crystaBinxty of about 42%, 

The activated clay was base exchanged, 
washed, dried, tempered and steam treated 60 
for 30 laaurs at a temperature of i2G0 o R and 
a pressure of 15 psig„ 

The finished catalyst had a sodium content 
of 0.27 wt,%, a rare earth metal oxide con- 
tent of 24, wt,% and had a surface ansa after 6$ 
the steam treatment of 221 square meters per 
gram. 

Gitalydc evaluation data obtained with this 
catalyst are hereinafter set forth Sn Table V. 
These data show that a high catalytic activity 7$ 
and selectivity were realised with this rare 
earth metai-ainmonium chloride exchanged 
activated clay. Thus, tins catalyst afforded 
55.4 volume per cent conversion at a liquid 
hourly space velocity of 16. At this high 75 
liquid hourly space velocity the catalyst also 
showed 4- 7 J volume per cent C* 4- gasoline 
advantage over the slandard silica-alumina 
cracking catalyst. The improvement noted 
with die- catalyst of this example over that of 80 
Example 44 would appear to be attributable 
to die increase In crystallinky of the activated 
clay employed- 

Table V summarising the foregoing is set 
forth below: ~~ 85 
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Tabus V 

44 45 
Actuated Clay Activated Clay 

KHC1 3 + NH.CS — _ _ _ 

5 2 — — — - — > 

0.30 0.27 
27.2 24.0 
SR20 SP30 SP30 



Example 



Description 

Base Exchange 
Solution 
Cona wt % 

Composition 
Na, wL % 

Steamtreat (1,2) 

Fhvsical Properties 
App. Dens* g/cc 
Surface Area (after steaming) mYg* 

Catalytic Evaluation 
Convection, voL % 

10 EVP Gam, voL % 
Excels C/s, vol % 
C B + Gasoline* voL % 
Total e/s, vol % 
Dry Gas s wt. % 
Cofce, wt. % 
wt. % 



(2) SP30 steamtreat 30 hours at 15 psig. 



221 



40.3 47.2 55,4 
10 4 16 

38.4 41*2 50.9 
4.8 7.4 7.8 

35,9 38.8 48. 2 

73 9.8 10.6 

3-5 5.3 4.8 

1*0 1.8 1.7 

0.03 0.14 0.05 



+8.4 
-4.5 
+7.8 

-2,0 
-2.1 



A Values to standard sffica-alxuriina catalysts (4) 



10 RW, vol % +4.4 - +3.1 

Excess Gt% vol % ~3.X -23 

C 5 + Gasoline, vol % +4,i +3,2 

Total C/s, vol. % -2.9 -2,2 

Dry Gas, wt* % —1,0 —0,2 

Coke, wt, % -0*7 -0,7 



(1) SH20 steamtreat 20 hours at 1225° F. atmospheric steam, 



(4) Coxnmerical silica-alumina gel cracking catalyst containing about 10 wt. % 
AlgO a and remainder SiO a * 



As indicated iieremabove, the degree of clay 
conversion can fee controlled by adjustment In 
the ratios cf total alleali metal oxide/ water- 

5 free clay, siHca-water-free clay and water/total 
alkali metal oxide during the Initial high 
temperature step and the subsequent digestion 
step. Products ranging from amorphous to 
highly crystalline alkali metal alurmnodiicafces 

10 may be prepared depending upon the above 
Indicated variables. Numerical limits on the 
above ratios have been specified hereinabove 
to afford amorphous or products of low 
crysfcaliiiiity to those characterized hy a high 

15 crystaliinity. The rektjonship between total 
alkali metal oxide,, water-tree clay and added 
silica En the reaction mixture Is more par- 
ticularly shown by the accompanying Figure 



4, To obtain products of a highly crystalline 
nature, it has been established that the pro- 20 
portions of the reactants are such that the 
composition of the reaction mixture falls 
within the area ABC3> of Figure 4. 

WHAT WE CLAIM IS: — 

L A method for preparing a crystalline 25 
atamWHcate zeolite having the crystal 
structure: common to zeolites X and Y which 
comprises forming a frit from an aqueous 
slurry of cky 3 alkali metal hydroxide and 
either silica or a precursor thereof by main- 30 
taming the slurry at a temperature between 
about 230°F and about 16Q0°F, the com- 
position of the slurry falling within the follow- 
ing limits: 



20 



Weight Ratio of Total Alkali Metal Oside/ 

Water-Free CLiy^G55 to 7*4 
Weight Ratio of SlHca/Watej>Free Glay^Ql 

to 3.& 

5 and digesting the frit In water at a tempera- 
tare in the approximate range of 1S0°F to 
220°F until crystalline aioraraosilicste fonm s 
the mole ratio of water to total alkali metal 
oxide of the frit being within the approximate 

10 range of 35 to 180, 

2. A method according to claim 1, wherein 
formation of the frit is completed after the 
slurry has been maintained at said tempera- 
tore for a period of from 3 minutes to 72 

15 hours. 

3. A method according to claim 1 or 2, 
wherein the Weight Ratio of Total Alkali 
Metal Oxide/Water-Frefc Clay ~ 1«I to 6.6. 

4. A method according to claim 3, wherein 
20 the Weight Ratio of Total AIM! Metal 

Oxfde/Watsr-Frec Clay =1.1 to 5.1* Weight 
IRatio of Smca-Water-Free Clay ^0.19 to 33 
and the mole ratio of water to total alkali 
metal oscide is within die approximate range 
25 of 35 to 115. 

5. A method according to any of claims 1 
to 4, wherein the clay is raw uncaldned 
natural day. 

6. A method according to any of the pie- 
30 ceding claim% whereta before said digestion 

the fnt is ground to less than 6G-mesh particle 
w& and dispersed in water in the proportion 
of 3 parts solid to 1 part of water, 

7. A method according to any of the pro- 
35 ceding claims, wherein the composition of 

the slurry falls within the area ABCD* prefer- 
ably within the area BFGK of accompany- 
ing Figure 4. 

8. A method according to claim 7 3 wherein 
40 the composition of the slurry falls within the 

area EFGH of accompanying Figure 4. 

9. A method according to any of the pre- 
ceding claims j wherein the silica is present in 
the form of alkali metal silicate y sand or 

45 colloidal suspension of silica, 

ID, A method according to any of the pre- 
ceding claims., wherein the alkali metal 
hydroxide Is sodium hydroxide. 

11. A method according to any of the pre- 
50 ceding claims, wherein the resultant slurry of 

crymlune aiummosilicatfc fa spray-dried to 
yield a product in finely divided form, 

12, A method according to any of the pre- 
ceding claims, wherein the alkali metal cxys- 

55 tailing aluniinosliicate formed is base- 
exchanged with a solution containing at least 
one monovalent or divalent ion selected from 



alkaline earth metals, rare earth metals, 
ammonium^ hydrogen, silver, magnesium and 
transition metals* $0 

13. A method according to claim 12, 
wherein the resulting base - exchanged 
aJuminosiHcate is intimately mixed, In finely 
divided form, with a binder therefor, die' 
resulting composite being dried and calcined. &5 

14* A method according to claim 13, 
wherein the binder is a clay or an inorganic 
oxide gel. 

15. A method according to c la i m 13 or 14, 
wherein the binder is an inorganic oxide sol 70 
gekiion of which is effected after the intimate 
mhdng s the resulting composite being washed 
free of soluble matter before the drying and 
calcining- 

16. A modification of the method claimed 75 
in claim 15, wherein the aluminosiljcate la 
base-exchanged alter formation of said com- 
poske, 

17. A method according to claim 15 or I6 y 
wherein the hydrosol is a siliceous hydros©!* 80 
and the almrnnosllicate constitutes between 
about 2 and about 90 per cent by weight of 

the dried composite. 

IB. A method according to claim 17, where- 
in tile sol is In the form of spheroidal particles 85 
when geladon Is effected, 

19* A method according to any of cSasms 
12 to 18 s wherein the base-exchange decreases 
the exchangeable afeli metal content of the 
alurmnosilicate to less than 3 per cent by ifti 
weight on a dry solids basis* 

20, A method of making a crystalline 
alumlnosDicate substantially as herefo des- 
cribed with reference to any of Examples 
I — 7—15 and 20—39. 95 

2 L A method of making a crystalline 
aiuminosiOcatfi catalytic composition substan- 
tially as described in any of Examples 40 to 
45. 

22. A crystalline dominosISicate or com- 100 
position containing game whenever prepared 

by the method of any of the preceding claims, 

23, A process for converting hydrocarbons, 
particular? cracking the same* whach com- 
prises contacting a hydrocarbon charge with 105 
almniaosilicate or aluminosiHcate composition 

as claimed in claim 22. 

For the Applicants^ 
CARFMAELS & EANSFG&B, 

Chartered Patent Agents* 
- 24 Southampton BuOdrngs, 
Chancery Lane^ 
London, 
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